Studies of the simultaneous rates of transfer of various tracers and stable isotopes from the pericardium of normal dogs under pentobarbital anesthesia indicated that the rate of transfer of Rb S6 was greater than that of Na 24 and Cl 30 , which were approximately equal. These observations show the pericardium to be a very active serous membrane eoncerned with electrolyte transfer phenomena as well as an excellent experimental model for the study of the kinetics of exchange of electrolytes across a normal living membrane.
A LTHOUGH the rates of transfer of eleitrolytes and water across the peritoneum and other serous membranes of animals have been studied, the pericardium, a functionally homogeneous membrane, has been neglected. Furthermore, this single layer of serosal cells offers a good experimental model for the study of the transfer of electrolytes. Immediate and constant mixing is provided by the moving heart. In addition, information about rates of transfer of water and electrolytes from the pericardial cavity is important to an understanding of transfer across normal serosal membranes as well as to an understanding of disease states associated with accumulations of pericardial fluid. METHODS Mongrel dogs (7 to 10 Kg.) were anesthetized with pentobarbital (30 mg./Kg.) and the pericardium was exposed. Artificial respiration wns accomplished with air under intermittent positive pressure by means of nn endotmcheal tube. A soft, small (1.7 mm. outside diameter) polyethylene tube was inserted into the pericardial cavity and fixed by 2 purse string ligatures after the tip had been advanced to the dorsal aspect of the heart. The chest incision was closed 5 min. after intrapericardial injection of 50 nil. of a modified Tyrode's solution* containing Rb S8 , Cl 80 and Na 24 . The test fluid was prewarmed to body temperature. Samples of the pericardial fluid (1.5 to 2.0 nil.) were removed at approximately 1-minute intervals during the first 5 min., then at increasingly longer time inten'als during the remainder of the experiments (90 to 210 min.). All of the pericardial fluid was aspirated at the final collection. Rndioassay was performed by the method previously described 1 and separation of the 3 rndioisotopes was accomplished by use of aluminum filters and by allowing time for physical decay of the radioisotopes with shorter half life. Sodium nnd potassium contents of all samples of pericardial fluid and of the serum were measured by flame photometry and chloride, by the method of Schales and Schnles. 2 Osmolarity of the pericardial fluid and of the serum was determined by the Fiske Osmometer.
RESULTS
Although no measurements of arterial and venous blood pressure were recorded after the injection of 50 ml. of test solution into the pericardial cavity, the only apparent vascular effect was a transient slowing of the heart rate only in dog no. 3, a small animal with an aneurysm of the pulmonary artery which limited the capacity of the pericardial cavity.
The small polyethylene tubing had very little effect oi the parietal or visceral pericardium. In one experiment (dog no. 10), a larger tube was employed for cl 1 /? hours and many petechial hemorrhages resulted. However, only a few scattered petechiae were present at the termination of the other experiments.
•Composition of test solutions: Dogs 1 to 6, 10: Cl 144 niEq./L., K 2.14 mEq./L., Xa 127 mErj./L., mOsm. 237/L.; dogs 7, 8, 9, 11, 12: Cl 146 mEq./L., K 2.50 mEf|./L., Xu 133.5 mEq./L., mOsm. 266/1-
Cimlation
Rrtrarch, Volum* VI, Sovrmbrr 19HH fii addition to the fluid removed by sampling, 4.8 to 15.7 ml. diffused out of the pericardial cavity (table 1). The amount of fluid lost by diffusion was greater in dogs ] , 3, 4, 5, 6 and 10, in which the osniolarity was 234 to 238 mOsin./L., than it was in those experiments (dogs 7, 8, 9, 11 and 12) in which the test solution was more nearly isosmotic lo plasma (270 mOsm./L.).
The concentration time course of Xa-', Rb 80 , and QX M in the pericardial fluid in one experiment is shown in figure 1. After correction for the volume of fluid aspirated and for that transferred out of the pericardial cavity, and the amount transferred being assumed constant throughout the experiment, the concentration time course still revealed an increasing rate of loss of that radioisotopc present. This type of curve would be expected if the mass of electrolyte transferred out of the pericardial cavity per unit of time were constant throughout the study, while the total mass remaining in the pericardial sac decreased with sampling and transfer, so that the percentage of both radioisotope and carrier present which was transferred per unit of time increased progressively throughout the experiment. The data were subjected to anal-0 24 48
Minutes VIG. 1. Solid lines tire calculated curves derived in manner described in the text. I'oitits are observed vnlues. ysis according to this hypothesis of a constant mass transfer (constant net loss per unit time). The calculated curve in figure 1 was obtained by using (1) the known initial volume and mass, (2) the amount of fluid remaining after loss by transfer and sampling and (3) the initial rate of decline in concentration of radioisotopes. For convenience of analysis, the rate of water loss by transfer was assumed to be constant throughout the experiment. Even if the rate of water loss by transfer were not constant, the error involved in this assumption would be negligible. These calculated curves show close agreement with the observed values for Xa-4 , CF° and Rb s0 ( fig. 1 ). All the curves shown in figure 2 are calculated curves derived in this manner. The similarity between observed values (not shown in fig. 2 ) and calculated values was as close as in figure 1 . The differences in rates of decline and configuration of the curves were due to differences in the rates of transfer of electrolytes and also to differences in the volume of fluid lost from the periear- table 1 represent the initial rates which apparently persisted throughout the experiment. The rate of transfer of Rb x ", simultaneously recorded with the other tracers, was greater than that of either Xa-4 or CP 1 . The rate of transfer of X T a L ' 4 was the same as that of Cl™ in some experiments and greater than that of CP' in others. The mean rate of unidirectional transfer of Rb s " was 1.9 per cent/min. of that present initially, 1.2 per cent for Xa-4 , and 0.9 per cent for C.T 1 ". DISCTSSION The studies show the pericardium to be a membrane very active in the transfer of water and electrolytes. The magnitude of these kaliokinetic, natriokinetic and chlorokinetic. phenomena is evident when it is realized thai these described rates represent an average unidirectional transfer of 3.2 mEq. of Iv" 1 / day (at the concentrations employed and assuming Rb s " traces K 8 "), W| 112 mEq. of Na 2 ' 1 /day and 94 mEq. of CPVday. If this same transfer capacity exists at equilibrium and at the usual serial concentrations of these electrolytes, the daily bidirectional transfer across the pericardium would be 10.9 mEq. of IC™, 242 niEq. of XV 3 and 130 mEq. of CP\ If it is assumed that the visceral and parietal pericardial area of the dog is 400 sq. cm. (sphere of 8 cm. diameter) and that this pericardial area is all capillary surface and functionally similar to the average capillary surface in the body of man with a capillary surface area of 5,000 sq. it., then the average rate of daily bidirectional simultaneous transfer of XV s for the body is essentially 1,530 pounds, 117 pounds of Iv 3 " and 1220 pounds of CP\ Jt is unlikely that the functional capillary area exceeds 1/10 of the surface area of the pericardium, and since the capillaries are separated from the pericardial fluid by a layer of serosal cells it is quite probable that the amounts transferred per day are many times greater than these amounts would indicate. Thus slight and immeasurable changes in transfer rates across this membrane can be associated with large net changes of mass of electrolytes in the pericardium.
The concentration time course curves reflect multiple exponential phenomena. Had there been (1) no change in volume of the test fluid in the pericardial cavity and (2) no change in osmolarity of this fluid, the rate of transfer across the pericardium would have been expected to manifest a single exponential rate. Since the volume of the test fluid decreased progressively, corrections having been made for the fluid removed for sampling, the rate of decline in the concentration of the tracer would be expected to increase progressively even though the concentration of the nontracer remained unaltered. Furthermore, because the test fluid was hypotonic, the accumulation of nontracer elements in the test fluid would be expected to cause a progressive increase in the rate of decline in specific activity of the tracer. The data obtained indicate the former factor to be of much greater influence than the latter in these experiments.
The tendency of the test fluid to be absorbed from the pericardial cavity is an expression of the normal physiologic factors concerned with maintaining a relatively small volume of fluid in the pericardial cavity. On the other hand, the sampling polyethylene tube was a foreign body which may have had an opposite influence, namely, that of stimulating the accumulation of pericardial fluid. The absorption of the excess fluid in these experiments indicates that the maintenance of isotonicity and a normal volume of pericardial fluid was more important than irritation from the polyethylene sampling tube.
SUMMARY
Simultaneous measurements of the rates of transfer of Rb 86 , Na 24 and Cl 36 across the pericardium of the dog showed Rb 86 to have a more rapid rate of transfer than Na 24 and Cl 30 , which had about the same rates. In these studies the rates of transfer across the pericardium of dogs were 6.34 mEq. of K 3 " (assuming Rb H(1 traces K 3fl ), 242 mEq. of Na 23 and 173 mEq. of Cl 3 "' per day.
SUMMARIO IN I N T E K L I N G U A
Mesuxationes sinmltanee del intensitate con que Rb 86 , Na 24 , e Cl 3 " es transferee a transverso le pericardio de canes resultava in valores quasi equal pro Na 24 e Cl 30 e superior pro Rb &0 . Exprimite como mEq per die, le studios resultava in un valor de 6,34 pro K M (providite que Rb 88 tracia K 8 9 ), de 242 pro \ T a 23 , e de 173 pro Cl 35 .
